In this paper we carry out technical efficiency, and productivity growth comparisons among the four largest European carriers and eight of their American counterparts. The time period of our comparisons is 1976 through 1986. This is a particularly interesting period since it begins just after the informal steps toward deregulation in the United States and ends just prior to the introduction of the first wave of reforms by the Council of Ministers in Europe. We also identify the potential efficiency gains of the European liberalization by comparing efficiency differences between the two carrier groups. The reductions in inefficiency describe the amount that inputs can be decreased without altering output.
Introduction
In this paper we carry out technical efficiency and productivity growth comparisons among the four largest European carriers and eight of their American counterparts. The time period of our comparisons is 1976 through 1986. This is a particularly interesting period since it begins just after the informal steps toward deregulation in the United States and ends just prior to the introduction of the first wave of reforms by the Council of Ministers in Europe. 1 We also identify the potential efficiency gains of the European liberalization by comparing efficiency differences between the two carrier groups. The reductions in inefficiency describe the amount that inputs can be decreased without altering output.
Our analysis also provides a description of the competitive standing of European carriers relative to one another. As such, it is suggestive of the future success of these airlines once the protection of regulation is relaxed. Moreover, one of the most politically vocal sectors affected by widening competition (and its projected effects on inefficiency) will be labor. Our analysis demonstrates that the potential magnitude of cost savings may more than compensate displaced workers. Further, our analysis is useful because it explains why 116 D.H. GOOD, M.I. NADIRI, L.-H. ROLLER, AND R.C. SICKLES some airlines have favored liberalization in Europe, such as British Air, while others have been opposed to it.
In the next section we describe the data sources and variable constructions. Section 3 describes alternative estimation procedures for identifying the temporal patterns of inefficiency over the study period. The procedures differ in assumptions regarding the correlation of firm-specific efficiency with factor inputs and other explanatory variables. Estimates are discussed in Section 4 with particular emphasis on their implications for the extent of resource displacement which would result were European carriers to perform at the same level as the deregulated American carriers. The last section provides summary and concluding remarks.
Data
Our airline data set consists of a panel of the four largest European carriers: Air France, Alitalia, British Air, and Lufthansa, and the eight largest American airlines: American, Continential, Delta, Eastern, Northwest, Pan Am, TWA, and United. These four European carriers supply approximately half of the international traffic of all airlines based in Europe. The eight U.S. carriers supply virtually all of the scheduled international traffic of the U.S. airline industry. We follow these carriers with annual observations during the period 1976 to 1986. The primary data source is the Digest of Statistics from the International Civil Aviation Organization (ICAO). With this we construct a set of three airline input aggregates: labor, energy/materials, and aircraft fleet. In addition, aggregate airline outputs and several of its characteristics are constructed.
Labor input is an aggregate of five separate categories of employment used in the production of air travel. These categories include pilots, as well as copilots and other cockpit crew, flight attendants, mechanics, ticketing and passenger handlers, and other employees. Information on annual expenditures and the number of employees are available for these categories from ICAO's Fleet and Personnel Series for each year. The discrete approximation to the Divisia multilateral index number is used to aggregate these subcomponents (Caves, Christensen, and Diewert [1982] ).
Fuel expenses are given for each carrier in ICAO's Financial Data Series. Unfortunately, there are no carrier specific quantity or price figures given in that source. Contract fuel prices for international traffic in different regions is available through ICAO's Regional Differences in Fares and Costs. The airline's fuel price is then estimated as a weighted average of the domestic fuel price (weighted by domestic available tonne-kilometers), and regional prices (weighted by international available tonne-kilometers in the relevant region). This method explicitly recognizes that for international carriers not all fuel is purchased in the airline's home country. Expenditures on supplies, services and ground based capital equipment and taxes are combined into a residual aggregate. Since the purchasing power of a dollar or its market exchange rate equivalent is not the same in all countries, we use the purchasing power parity exchange rates for the carrier's home country in each year constructed from Heston and Summers [1988] . These are adjusted by allowing for changes in market exchange rates and changes in price levels. Use of airport runways is based on landing fee expenses with aircraft departures as the quantity deflator. The service price
